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LIKELIHOOD RATIO

𝑳𝑹 =
𝑷𝒓 𝑬 𝑯𝒑, 𝑰

𝑷𝒓 𝑬 𝑯𝒅, 𝑰

Hp: DNA from POI is in the sample

Hd: DNA from POI is not in the sample

E = Expert Findings

I = Background Information prior to examining crime 

sample 



DNA: MEASUREMENT & INTERPRETATION
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RELIABILITY

HOW RELIABLE ARE THE RESULTS?



Reliability

The Cambridge Dictionary describes “Reliability” as “how 

accurate or able to be trusted someone or something is 

considered to be.” 

[https://dictionary.cambridge.org/us/dictionary/english/reliability]



Reliability

• Accuracy

• Precision

• Repeatability

• Reproducibility

• Uncertainty

• Error



System Reliability vs Component Reliability
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Some Factors Affecting Reliability of an LR System

1. Sample

a) Sample amount (contributor template amounts)

b) Sample quality (degradation level)

2. Labs

a) Kits used

b) Equipment Used

c) Number of PCR cycles

d) Analyst

e) Choice of Analytical Threshold (AT)

3. Probabilistic Genotyping (PG) Model

a) Choice of laboratory specific parameters for use in the PG model

4. Software Implementing the PG Model

a) Choice of numerical methods for computing LR  (MCMC, Numerical Integration)

b) Choice of burn-in cycles and number of ‘accepts’

OR numerical integration parameters (such as grid size)

FACTOR 

SPACE
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WHY DISCUSS RELIABILITY? 

• NAS Report

• PCAST Report



WHY DISCUSS RELIABILITY? 

Suppose we send portions of a DNA mixture sample to 

different DNA labs along with the profile of the defendant 

in this case. 

Will the lab results be close enough to one another that 

differences between them would be inconsequential to 

the outcome of this case?

Will the lab results be close enough to the ‘true value’ 

that differences between the reported values and the 

true value would be inconsequential to the outcome of 

this case?



WHY DISCUSS RELIABILITY? 

Cholesterol measurement of 5 aliquots of a sample 

of blood from 5 labs

148 mg/dl,       175 mg/dl,     215 mg/dl, 

375 mg/dl,        450 mg/dl 
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WHY DISCUSS RELIABILITY? 

Cholesterol measurement of 5 aliquots of a sample 

of blood from 5 labs

146 mg/dl,       151 mg/dl,     162 mg/dl,

155 mg/dl,        166 mg/dl 

REFERENCE VALUE = 100 mg/dl !!

DEVIATIONS:       46,  51,   62,  55,   66



WHY DISCUSS RELIABILITY? 

Degree of agreement among a group of labs by itself does not 

characterize degree of reliability

but 

Degree of agreement with respect to a true value or a highly 

trusted reference value, on a consistent basis, is what 

characterizes reliability



WHY DISCUSS RELIABILITY? 





WHY DISCUSS RELIABILITY? 

Furthermore, log(LR) results provided by fully-continuous
models proved similar and convergent to one another, with 
slightly higher within-software differences (i.e. approximatively 
3–4 degrees of magnitude).

A factor of 1000 to 10000 ?

Lab Retriever 

LRmix Studio

DNA•VIEW®, 

EuroForMix and 

STRmix

Page 145



THERE IS NO TRUE LR

Then what do the LRs offered by 
different labs supposed to mean?



There are two aspects to judging the reliability of a LR 
system for assessing value of forensic DNA evidence

1. Accuracy of Claim or Calibration

2. Discrimination power

EMPIRICAL ASSESSMENT OF LR SYSTEMS 

Hp: DNA from POI is in the sample

Hd: DNA from POI is not in the sample



LR value of x is x times more likely to occur under Hp than 
under Hd.         

ACCURACY/CALIBRATION 

• LR value of 1 occurs as often under Hp as under Hd

• LR value of 10 occurs 10 times more often under Hp as it does under Hd.

• LR value of 100 occurs 100 times more often under Hp as it does under Hd.

• LR value of 0.1 occurs 10 times more often under Hd as it does under Hp.

• And, in general, whether a LR value of x occurs (roughly) x times more 
often under Hp than under Hd.



LR value of x is x times more likely to occur under Hp than 
under Hd.         
( LR of LR is LR )

ACCURACY/CALIBRATION 

In principle, this property can be empirically tested 



• Suppose we have a large collection of ground truth known DNA 

samples representing different scenarios (degradation, number of 

contributors, template amounts) we expect to encounter in case 

work

• For each sample, select a known contributor profile or a known 

noncontributor profile (say by coin toss) and send them through the 

LR pipeline, from analysis to interpretation. (blinded)

• Record the value of LR obtained along with whether it is for Hp true 

case or for a Hd true case.

• At the end of this exercise we will have a pool of Hp true LR values 

and a pool of Hd true LR values.

ACCURACY/CALIBRATION – EMPIRICAL ASSESSMENT



Don’t Try This At Home !

Disclaimer:

This is only a thought experiment.

Actual assessment will require a well 
thought out experimental design and 
lots of   



ACCURACY/CALIBRATION – EMPIRICAL ASSESSMENT

Disclaimer: This is only a thought experiment.
Actual assessment will require a well thought out experimental design. 

Known 
Noncontributors LR

Known 
Contributors LR

0.00E+00 3.68E+08

6.69E-03 2.10E+07

1.48E-03 7.34E+10

1.60E-03 1.26E+09

1.04E+00 1.45E+08

0.00E+00 3.87E+10

1.32E-01 3.12E+07

3.98E-03 1.71E+06

1.12E-02 6.56E+10

1.85E-06 1.95E+08

1.56E-01 1.61E+06

5.48E-09 4.13E+10

3.97E-04 1.87E+08

0.00E+00 1.11E+06

6.07E-13 5.18E+09

5.03E-04 2.99E+07

7.10E-03 1.87E+05

0.00E+00 1.86E+09

0.00E+00 8.08E+08

5.81E-01 7.17E+17

8.81E-08 5.81E+13

1.32E-01 2.76E+09

2.26E-14 3.18E+17

2.12E-01 4.66E+13

2.78E-01 4.78E+07

ETC
1.21E+00 1.01E+17

1.09E-03 1.16E+12

2.09E-13 1.41E+06

0.00E+00 9.87E+16

0.00E+00 2.61E+10

2.60E-01 2.34E+03

1.37E-04 1.05E+16

Noncontributors LR Contributors LR



• check whether a LR value of 1 occurs (roughly) equally often under 
Hp as well as under Hd

• check whether a LR value of 10 occurs (roughly) 10 times more 
often under Hp as it does under Hd.

• Check whether a LR value of 100 occurs (roughly) 100 times more 
often under Hp as it does under Hd.

• Check whether a LR value of 0.1 occurs (roughly) 10 times more 
often under Hd as it does under Hp.

• And, in general, whether a LR value of x occurs (roughly) x times 
more often under Hp than under Hd.

ACCURACY/CALIBRATION 
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METHOD-2

ACCURACY/CALIBRATION – EMPIRICAL ASSESSMENT



DISCRIMINATING POWER

The ability of an LR system to discriminate between Hp and Hd

depends on

1. How much of the discriminating information in the sample is 
measured and used in the interpretation?

2. Do the models used to incorporate such information represent 
reality adequately?



DISCRIMINATION POWER

RED:     Contributor LRs (Hp True)
BLUE:    Noncontributor LRs (Hd true)

LR System 1



DISCRIMINATION POWER

LR System 2
RED:     Contributor LRs (Hp True)
BLUE:    Noncontributor LRs (Hd true)



DISCRIMINATION POWER

LR System 2
RED:     Contributor LRs (Hp True)
BLUE:    Noncontributor LRs (Hd true)



LR System 1 LR System 2

LR System 1 is more discriminating between Hp and Hd

than LR system 2



TIPPETT PLOTS
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Red = Contributor
Blue = Noncontributor

TIPPETT PLOT



Red = Contributor
Blue = Noncontributor



Fig. 2. Receiver operating characteristic (ROC) 
plot where the rate of false positives (FP) 
(along horizontal axis) and true positives (TP) 
(along vertical axis) are plotted as a function of 
LR thresholds. The plot shows the results for 
the maximum likelihood estimation method 
(MLE) and the conservative method (CONS) for 
both LRmix and EuroForMix. The points on the 
curves show the FP and TP rates for different 
LR thresholds.



1. Primary focus should be on LR system reliability
• Improvement in System Reliability can be accomplished by improving 

component reliabilities
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2. Even if components are deemed reliable, system reliability must be checked.

Some Take-aways

The proof of the pudding is in the eating of it.
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1. Primary focus should be on LR system reliability
• Improvement in System Reliability can be accomplished by improving 

component reliabilities
• Optimal strategies for this may focus on those components that affect system 

reliability the most.  (Sensitivity analysis)

2. Even if components are deemed reliable, system reliability must be checked.
The proof of the pudding is in the eating of it.

3. When examining experimental results from reliability studies determine whether 
the experiment focused on selected parts of the system or on the entire system. 
Otherwise claims of reliability cannot be properly interpreted.

4. There is no single correct LR. HOWEVER, there are LR systems that perform sub-
optimally relative to other LR systems. 

Some Take-aways



5. One LR system may appear to be as reliable as another based on 
aggregate measures. However, a system can perform better than 
another in selected scenarios and vice versa.

6. Different LR systems, even those regarded as equally reliable, will 
disagree in any given casework situation. The magnitude of this 
disagreement is crucial information for triers of fact. The 
disagreement, in a given case, needs to be studied and reported.

Item 6 was a key point made in the paper “Likelihood Ratio as Weight of 
Forensic Evidence: A Closer Look” (2018). There were at least 3 rebuttal 
papers or letters to the editor. We believe that they did not address any 
of our main concerns.

Some Take-aways





Reliability Studies

• Is the study focusing on one specific component of the system?

• Is the study addressing end-to-end (system) reliability?

• How were the test samples (ground truth known) selected?

• How many independent subject profiles were considered?

• Were the Hd true profiles synthetically generated OR were they 
obtained from a random sample of subjects?

• Does the conclusion state that “a process is reliable“ or is it giving  
measures of reliability?



QUESTIONS ?


